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Introduction
Recycling may generally be considered as a key strategy for alleviating the pressures of society on the environment. A variety of environmental justifications for recycling exist: recycling processes reduce demand for energy and finite resources, result in less water pollution and air emissions and mitigate the problem of solid waste disposal. In particular, recycling paper reduces the pressure on natural resources such as forests. Moreover, recycling may be considered economically beneficial in developing countries. First, it provides significant employment opportunities to a large informal sector. The high degree of labour intensity of certain reclamation processes enables numerous people to accrue some kind of income. Second, recycling can reduce the costs for raw materials in the production process and thereby may result in an increase in the supply of cheaper products. Third, it can reduce dependence on foreign resources and thereby saves on expenditure on imports in developing countries. Finally, in Asia particularly, the anticipated high growth in GDP will significantly increase the waste disposal burden in most metropolitan areas. Besides generating negative impacts on the environment, the increasing economic costs of solid waste disposal will absorb a substantial amount of the municipal budgets. Recycling will reduce the quantity of solid waste.
Is recycling in the South any different from recycling in the North? To answer this question it is important to clearly understand the different features of recycling. In common vocabulary, recycling is used as a general term for all activities related to the reclamation of waste. However, a distinction should be made between the recovery of solid waste and the utilisation of secondary materials in the production process. The technical and economic aspects of the actual utilisation process do not differ significantly from production in industrialised and developing countries. Yet, the motivation to recover differs substantially. Recovery in most developing countries is mainly a market driven phenomenon with a comprehensive domestic trade system. It is expanding and developing rapidly without any governmental support. In contrast, recovery in the industrialised world is mainly environmentally motivated and public participation and government involvement play a much more important role (Beukering 1994) .
Besides this regional difference in the motivations for recycling, differences occur between the configuration of demand and supply in recyclable waste. Given the high levels of per capita waste generation, the supply of secondary waste materials is generally abundant in the North; with governments promoting the separation of waste at source, this has led to an over-supply of secondary materials. In developing countries, conditions are different; relatively low levels of waste generation and the long life span of products depress the quantity and quality of the supply of secondary materials. IIED 1995 , PPI 1994 These distinctive features of the supply of waste in the North and demand for waste in the South emphasise the potential for international trade in secondary materials. Empirical findings confirm this rationale. A recent study has shown that a not insignificant part of international trade flows consists of secondary materials (Jackson et al. 1996) . Further investigation reveals that, whereas most other materials and products are transferred between countries in the North, a more than proportional share of secondary materials move from the North to the South. For waste paper this is illustrated in table 1. In fact, the share of recyclable waste which is exported to the South is increasing in time.
In theory, international trade can perform much the same function in the secondary materials sector as it does with virgin materials by matching variations in supply in industrialised countries with demand in developing countries. Through a more efficient allocation, both regions can move to higher levels of social welfare than they otherwise would attain. Nevertheless, the attitude of international organisations, national governments and NGOs towards international trade of secondary materials is far from uniform. Two contrasting ideologies underlie the disagreement. First, trade liberalisation is recognised as a desirable process which facilitates a more efficient global allocation of goods and services. In this view, secondary materials are considered no different from other intermediary or final goods. The counter argument to this ideology is that secondary materials cannot be considered as normal raw material but as waste which requires appropriate processing. Waste should be taken care of by the polluters themselves, which in this context are the countries or states which generate the waste. International waste trade in this context is considered a cheap and easy way for countries to dump their waste. Both ideologies tend to oversimplify the issue by generalising across a broad spectrum of secondary materials. It may very well be true that for certain secondary materials, trade liberalisation can produce a more efficient global allocation of resources but it could also be true for other secondary materials that international trade would only facilitate waste dumping by the developed countries.
Several other arguments exist which further confuse the issue of trade liberalisation in secondary materials. First, the precise socio-economic impacts of the increase in recyclable waste are unknown. If imported secondary materials totally substitute domestic recyclable waste materials, the local recovery sector may suffer from free waste trade causing employment and disposal problems. Second, the environmental implications are unknown. For example, it is not clear whether the environmental damage resulting from increased transportation outweighs the environmental gains from an increase in overall recycling.
To address and resolve the arguments raised by the two ideologies, this study focuses on waste paper as the secondary material. Waste paper is selected because of its long tradition at the international market. Moreover it is increasingly being collected in both industrialised and developing countries. India is selected for several reasons. First, India is a large country with a growing demand for raw materials in the rapidly developing domestic industries. Also, India has several metropolitan cities where comprehensive recycling networks already exist and are growing. Thirdly, importing waste paper is not new and at present many paper industries in India are switching from virgin materials to imported waste paper. The main objective of this study is to address the economic and environmental challenges and threats to India which arise from increased international trade in waste paper. The outcome of this project will be particularly relevant to institutions and governments in developing countries to ensure that their international waste trade policies generate the desired impact on the local economy and the domestic recycling sector in particular. Similarly, the results can support industrialised countries in their decision to prohibit or encourage the trade in waste paper.
The paper is structured as follows. In Section 2 the current Indian paper cycle is described in terms of production, consumption, waste management and international trade. Economic and environmental parameters will be explained and technical coefficients will be set. In Section 3 the material balance flow model is introduced. The economic and environmental assumptions under which optimalisation will occur are elaborated on. The results of the economic and environmental optimalisation are presented in Section 4. Finally, general conclusions and policy implications are provided in Section 5.
The Indian Paper Cycle
The paper industry in India is more than a century old. Commercial production of paper started as early as 1879. Limitations with respect to forest-based raw materials forced the Indian paper industry, in these early stages of the development, to utilise non-conventional materials. India was the first country in the world to have a paper mill which relied entirely on bamboo as its primary fibre. Following this example, various other non-conventional raw materials were introduced such as straw, bagasse, textile and waste paper. Throughout the century, this development was strongly supported by the Indian government (Rao 1989 ).
At present, several developments and problems prevail in the Indian paper cycle. First, with the prospect of growing urbanisation, increasing literacy rates and general increasing economic growth, the consumption of paper and paperboard products is expected to grow considerably in the coming years. The Indian citizen on average consumes approximately 3 kg of paper each year. Although low compared to the annual per capita consumption of paper in Japan and the United States which is respectively 234 kg and 298 kg, this figure is expected to increase over the coming decades (FAO 1993) . Moreover, it should be realised that the official statistics do not account for the consumption of re-used paper. Therefore, the actual per capita paper consumption in India is slightly higher.
Second, the lack of foreign currency has forced the Indian government to strive for self-sufficiency in paper production. Throughout the years, dependency on imports of most types of paper and pulp has decreased. Today, only newsprint is still being imported on a substantial scale. On the one hand, this was achieved by imposing import constraints on final paper products as well as raw materials. On the other hand, various incentives were provided to the paper industry to increase production. As a result of these developments, India, after China, accounts for the largest number of paper mills in the world. Paper is produced at all scales, varying from handmade paper units to large scale integrated mills. However, despite government support, the overall performance of the industry is low with a constant decrease in capacity utilisation. In the last decade the Indian government adopted a number of measures to improve efficiency. Not only were foreign producers allowed to enter the Indian consumers' market, they were actually allowed to become established in India itself. Also, various import constraints are now being lifted such as the decrease in import tariffs for pulps, paper and paper board.
Third, the Indian paper industry is traditionally suffering from a lack of raw materials. Forest is not an abundant natural resource in India. In 1993 only 19.5% of the total land surface was covered with forest (FAO 1993a) . Due to alternative land-uses such as crop production and hydroelectric projects, the forest in India is declining rapidly at an annual rate of 0.6% (World Resources Institute 1994) . Another factor which limits the indigenous supply of wood-fibre is the low productivity of the Indian forest. While forests in Europe and the US increase approximately by 2.5 m 3 per hectare each year, the Indian forests grow no more than 0.5 m 3 per hectare (Rao 1989) . This shortage has promoted the utilisation of non-conventional raw materials. The share of wood-pulp based paper has declined from 65 per cent in 1985 to 49 per cent in 1992, while the share of agro-pulp based paper increased from 22 per cent to 29 per cent during the same period. The sharpest rise has taken place in the share of waste paper production which has risen from 13 per cent to 22 per cent over the same period (Khanolkar 1995) .
Fourth, the environmental profile of the Indian paper industry is not very positive. Energy consumption is relatively higher than the international standard, due to interruptions in production, the poor quality of fuel and equipment, and the relatively low rate of waste paper utilisation in the production. Even more important is the environmental impact of water pollution and consumption. Pollutant emissions in the waste water are generally higher than the international average and water recycling systems are only slowly making their entry in the Indian paper industry. Similar conclusions can be drawn for air emissions and solid waste. The Indian government recognises the significant pressure of the paper industry on the environment and has intensified the enforcement of environmental regulations. This has forced many paper mills to switch from the polluting agro-based raw materials to waste paper which causes much less pollution. Alternatively, effluent treatment plants have been installed. Nevertheless, especially the small-scale units lack the funds to improve their environmental performance and therefore are threatened with closure.
Fifth, not only are conventional raw materials becoming increasingly scarce in India, waste paper and agro-residues are also in limited supply. The yield percentage of agro-residues fibres is rather low (33% for bagasse and 38% for straw). The low productivity has to be weighted against the transportation element of this commodity. It is reported that the economic distance for hauling the straw is 50 kilometres from the mill although examples of a radius of 100 km are not uncommon (Roberts 1995) . In the case of waste paper, the intensive use and re-use of paper in India often decreases its quality which makes it less suitable for recycling. As a result, international supply in the Indian paper cycle is proving to be more important. While in 1975, only 4% of the Indian paper originated from imported waste paper, this rate had increased to 12% in 1994 (Beukering et al. 1996a ).
Finally, an important development in the Indian paper cycle is the rapidly increasing problem of waste. Rapid urbanisation and economic growth increase waste and at the same time reduce the available landfill space. Although paper is less important in waste in developing cities than in industrialised countries, it still comprises a significant part of the volume. Because of inefficiencies and limited municipal budgets, a large share of the waste remains uncollected causing sewerage blockage and visual and odour pollution. Inappropriate waste management leads to a number of societal problems, such as increased risks of epidemics, air pollution caused by illegal waste burning and pollution of groundwater. These problems emphasise the importance of the informal waste recovery sector which operates in most Indian cities. In Bangalore, a growing urban centre, it has been estimated that 15% of the municipal waste is diverted from dumpsites because of recycling activities (Baud and Schenk 1994) . Despite these positive contributions to urban waste management, waste recovery receives little attention from most municipalities (Beukering et al. 1996b ). This may be explained possibly by the lack of insight into the socio-economic and environmental benefits of recycling throughout the life cycle of different materials. The development of a material flow model of a secondary material can serve to improve this understanding.
Methodology
A sectoral model is developed to analyse the economic and environmental effects of international trade in waste paper for the paper sector in India. A mathematical description is provided in the appendix. Sectoral models have been extensively used in the design and planning of industrial sectors (Kendrick and Stoutjedijk 1978) . However, the early models were primarily formulated as economic planning models did not focus on environmental impacts. As the importance of environmental issues has grown over the last decade, it has became imperative to look not just at the economics of sectoral planning but also at the environmental aspects. The model formulated for this paper is in response to this increasing need.
The sectoral model formulated for this study captures in essence the life cycle of paper at each stage of the process, from harvesting the forest to the disposal of the waste paper. By incorporating a life cycle within a sectoral model framework, we are able to: (1) keep track of the use and production of the various materials (life cycle analysis); and to (2) evaluate the trade-offs that occur between economic and environmental impacts at each stage of the paper cycle (sectoral analysis). Moreover, the paper industry is characterised by multi-processes and multi-products at each stage. Therefore, to ensure that these processes and products are captured by the model, the single product model is extended to a multi-process, multi-product life cycle sectoral model. Furthermore, to facilitate comparisons between different objectives which can be adopted by the decision maker, the model is developed as a static optimisation model.
As the focus of this paper is on the Indian paper cycle, we simplify the analysis by assuming the rest of the world as exogenous and reduce its role to a supplier of waste paper, pulp and finished paper. It is beyond the scope of this paper to investigate the global economic and environmental impacts of the liberalisation of trade in waste paper. Figure 1 provides a schematic illustration of the Indian paper cycle. As shown in this figure, we have included the environmental impacts caused by energy use in the paper industry. However, unlike many of the existing studies (Weaver 1995, Virtanen and Nilsson 1993) , we allow the decision maker to choose the optimal mix of fuels which are complementary to his objective. We have also included the surplus energy property of some pulping processes. For example, the unbleached sulfate pulping process produces wood residue which is a by-product of the pulping process, which in turn can be used to produce electricity and steam. The environmental impacts of each energy producing process is tabulated to the cumulative pollutant emission for the paper industry. In this manner, in the optimising process, depending on the objective, an analysis of trade-off can be made with respect to the cost of the fuel versus the environmental impacts caused by the particular fuel. For example, brown coal may be a relatively abundant and cheap source of fuel but is considered environmentally unfriendly whereas natural gas may be a relatively scare fuel with high import costs but is considered environmentally friendly.
We have included the six main pulping processes which are presently relevant in India: bleached sulfite, unbleached sulfate, unbleached local waste paper, unbleached imported waste paper, bleached sulfate, and bleached agro. These six processes may be categorised basically into three main methods. The first method uses wood fibre as the main input, while the second uses agricultural residue and the third relies on waste paper. The three processes (bleached sulfite, unbleached sulfate, bleached sulfate) within the wood fibre category are in turn differentiated by chemical use and intensity, energy intensity, and finally the pollutant emission intensity. Each of these three processes produces a unique type of pulp which is then used in the final paper making process. In the agro based category, only one process is identified. The third category which uses waste paper has two processes, one using local waste paper while the other uses imported waste paper.
As in the case of choice of energy source, the choice of pulping processes is dependent on the objective. Once an objective has been specified, the optimal choice selection process undergoes a rigorous analysis of trade-offs. However, unlike in the energy selection process, the analysis of trade-offs at this stage is a more complex and involves two layers. At the first layer of analysis, the economic costs of pulp production have to be weighted against the environmental costs caused by the respective pulping processes. In the case of imported waste paper pulping process, the environmental costs accruing from transportation are included in the analysis. The second layer of analysis takes into consideration the economic and environmental costs and benefits which are derived from some of the pulping processes which produce surplus energy. We now turn our attention to the paper making stage. Within the paper category, we identified four main types of paper, differentiated primarily by quality which in turn are characterised by a certain mix of pulps. We formulated the input-output coefficient for this stage as an endogenous variable which is determined by the optimisation process. We model the process in the following way. We begin by fixing the total amount of pulp which is required for each paper type. Next, we specify a pulp combination possibility matrix which in essence specifies the maximum percentage (an upper limit) a particular pulp can be used in the production of a particular paper type. For example, given the quality characteristics, waste paper can only be used to a limited extent for the production of writing paper. It is then left to the optimisation process to choose the optimal mix of the different pulps to make the respective paper types.
The disposal stage is characterised by four different options. First, waste paper collection includes certain economic and environmental costs. Once collected, the waste paper can be either burned, landfilled, used as waste paper in the pulping process or reused to meet final demand of the lowest quality paper. The options are not mutually exclusive. Each option is characterised by its unique economic and environmental properties.
We identified five major environmental impacts, regional as well as global, for this study:
The mapping from production to environmental impact was undertaken in the following manner. Each stage of production is characterised by a technological input-output matrix. From these technological matrices, we are able to tabulate the emissions of all the pollutants from every activity. The emissions are then added and a final emission level for each pollutant is determined. The next stage involves mapping the pollutant emissions to the five environmental impacts. We do this with the help of an environmental impact matrix which, similar to an input-output matrix, lists the contribution a unit of each pollutant makes to each of the five environmental impacts. The data for this environmental impact matrix was largely developed from Lim and Lindemeyer (1994) and the IPCC (1996) .
At this point, we have two options of modeling the environmental factor in the model. We could either monetize the eco-profiles or specify eco-profile constraints explicitly in the model. We chose the former as this method would allow us to conduct an extended cost-benefit analysis while the latter would allow only a partial cost-benefit analysis. The decision was further prompted by the existence of, albeit crude, damage estimates for the five environmental impact causes. The second method would involve the specification of constraints for each of the five environmental impacts. This method would require us first to identify the upper bounds for each environmental impact at the national or international level, after which we would need to allocate a certain portion of that constraint to the paper industry. We felt that a complete cost-benefit analysis, even with crude cost estimates, would provide more insight into the problem than a partial cost-benefit analysis with exogenously specified environmental constraints. However, the model structure may easily be modified to include the constraints at a later stage if necessary.
The economic valuation of the five environmental effects was based on existing literature. Because the main objective of this paper does not specifically address valuation aspects of externalities we only briefly explain this step in the analysis. To calculate the effect scores the "impact equivalency assessment" is used. This approach derives scores by aggregating emissions to their potential effects without any exposure analysis (Guinee 1995). The scores are derived by multiplying the aggregated emission levels by the equivalency factors. For example in the case of global warming, which is expressed in terms of "Global Warming Potentials" (GWP), carbon dioxide has an equivalency factor of 1 while the same unit of methane contributes 6 times more to global warming. In this manner, effect scores for the five environmental effects are calculated.
Next, for each of these effects, a per unit cost-price per effect score is derived from existing studies. For global warming, Fankhauser (1996) provides a damage estimate of 0.0055 dollar per GWP. From the World Bank study URBAIR, which estimated the health impact of air pollution in Bombay, a damage estimate was retrieved of 0.0065 dollar per unit of Human Toxicity (Larssen et al. 1996) . The Sustainable Paper Cycle study (IIED 1996) mentions a mitigation cost of 0.004 dollar per unit of water emission. In a study by Markandya (1994) , acidification was valued in terms of damage to forest ecosystems at 0.016 dollar per acidification unit. Finally, we adopted a damage estimate from a hedonic price approach for solid waste by Powell et al. (1995) of 0.010 dollar per unit of solid waste. Although this valuation approach can be improved in many ways, for instance by incorporating exposure analysis or paying more attention to the valuation issue of benefit transfer, it still seems to be the most feasible option in this study to internalise the external effects.
As trade is an import element in this study, we allow for the possibility of imports at a number of stages. At the pulping stage, the decision maker may choose between producing pulp domestically or importing it. We allow the imports of all pulp except agro-residue as it is highly unlikely that there will be any international trade of this commodity. As there is existing capacity in the different pulping making processes, the decision to import would imply an additional cost in terms of unused capital. Similarly, the import of waste paper is also allowed. The same treatment is applied to the paper production stage. However, the import of final goods is constrained by an import limit which stipulates that only 20% of final demand can be met by imports.
There are two sets of prices which are exogenously determined in the model. Domestic prices for primary inputs sourced in India. The model is formulated in a manner whereby the prices of the primary or "raw" commodities matter. The price of intermediate and final goods which are produced in India do not have to be declared as the cost of producing these goods are computed as they are produced using the "raw" commodities. Therefore, intermediate goods like pulp, electricity and final goods like paper do not have domestic prices. International prices are for all commodities which are sourced from outside India. In the model, these would be all imports irrespective if they are primary, intermediate or final goods.
This brings us to the end of the model description. We next turn our attention to the results from some simulations runs done on the model.
Results
The objective function is the driving factor behind an optimization model. To understand the tradeoffs we make between environmental and economic goals, we need to analyse model results when different objectives are specified. For this paper, we identified three strategies with the following objectives:
1. The economic strategy which implies the traditional sectoral modeling objective of economic cost minimisation;
2. the environmental strategy representing the strong environmentalist position where only environmental costs are minimised; 3. the sustainable strategy which implies minimisation of total costs including both economic and environmental costs, and is coterminous with sustainable management.
The purpose of this model is to analyse the outcome under different trade regimes. Therefore, the above strategies are analysed under three different scenarios. As a result, nine (3 strategies times 3 trade regimes) simulations are performed.
1. The first set of the simulations describes a situation in which no trade in waste paper is allowed but trade in wood pulp is allowed;
2. In the second set, a situation is simulated in which trade in waste paper and wood pulp is allowed;
3. In the third set of simulations waste paper trade is allowed but an import constraint on wood pulps is introduced.
Let us begin by looking at the first set of simulation results in which no trade in waste paper is allowed. As figure 2 below illustrates, in the economic strategy, the real cost (the total cost or social cost) is significantly higher than the economic cost. This is because the environmental costs are high under this strategy and is primarily caused by the adoption of the cheap but polluting agroresidue pulping manufacturing process. Under the environmental strategy, economic costs are higher than in the economic strategy but, as expected, the environmental costs are significantly reduced. We observe that the decrease in environmental costs is much larger than the increase in economic costs, thus giving the environmental strategy an edge in terms of total costs. In the sustainable strategy, the final results are similar to the environmental strategy but with economic costs being reduced further. We now turn our attention to the set of simulations in which free trade in imported waste paper is allowed. As figure 3 below illustrates, a similar trend as in figure 2 is observed but with more significant differences between the environmental and sustainable strategy. As observed in the case with no imports, the economic strategy chooses the cheap but dirty agroresidue pulping manufacturing process while the environmental strategy does not. The drop in environmental costs caused by adopting the environmental strategy is 2.8 billion dollars while the marginal increase in economic costs is 1.28 billion dollars. It is clearly evident that in both cases, with and without imports, a reduction in environmental costs can be achieved at a relatively low cost.
In comparison with the sustainable strategy, the economic costs are further reduced vis a vis the environmental strategy but with environmental costs showing a slight increase. The economic costs decrease by 0.67 billion dollars while the environmental costs increase by 0.03 billion dollars; leaving total costs to decrease by 0.64 billion dollars. The primary factor causing the decrease in economic costs is the import of waste paper. In the case of the environmental strategy in which economic costs are of no concern, there is a tendency to resort to the import of pulps to reduce the environmental impacts. However, when economic costs are also included in the objective, a search is made for cheaper alternatives to imported pulps and this leads the local paper sector to use both local and imported waste paper pulping processes. However, the adoption of these processes causes the environmental costs to increase by the 0.03 billion dollars observed above.
We next compare all the strategies from the first two sets of experiments done above. As figure 4 below illustrates, the strategy with the lowest total costs is the sustainable strategy in which imports of waste paper is allowed.
An unexpected result is the higher economic costs that are observed in the sustainable strategy with imports as compared to the simulation without imports under the sustainable strategy. This is explained by the higher import cost. However, the higher economic cost of 0.08 billion dollars is far outweighed by the decrease in environmental costs of 0.9 billion dollars. We next ran a third set of experiments in which we allowed the import of waste paper but with an additional constraint which prevents the Indian paper sector from importing more than 50% of its pulp input requirements from foreign markets. The primary reason for this exercise was to observe how a restricted access to imported pulp will change the behaviour of the paper sector in India. As we mentioned in the earlier paragraphs, in many instances, the sector had resorted to imported pulp to reduce the environmental impacts. As shown in Figure 5 no differences were observed in the economic strategy with and without an import constraint on pulp. However, in the case of the environmental strategy in which we had observed in the earlier runs a shift to imported pulps to reduce environmental costs, environmental costs are higher in the case when an import constraint on pulps is enforced. Total cost is lower with a pulp import constraint because the import cost component of economic costs which had been prevented is higher than the environmental costs caused by domestic production. In the case of the sustainable strategy an interesting result arises. Let us assume that we have a pulp import constraint in place to start with and contrast the results when this constraint is removed. T he model results indicate that a 0.09 billion dollar increase in economic costs (primarily import cost) is observed but with a drop of 0.27 billion dollars in environmental cost. This then leads to the final observation that total cost in the sustainable strategy with no import constraint is lower than in the case with an import constraint. Another way of interpreting this result is that the import cost is lower than the environmental cost caused by the domestic production of pulps. The main pulp which was imported in the no import scenario was bleached mechanical pulp which logically was the cheapest pulp. In the case when an import constraint was placed, the imported mechanical pulp was substituted with locally produced unbleached sulfate pulp. The environmental cost produced by the domestic production of this pulp is higher than the import cost of mechanical pulp.
We next turn our attention to employment effects. As we do not internalise the cost of unemployment in the model, it would be useful to know if the first best solution identified above also gives the best employment figures. We limit our comparison of strategies to the sustainable strategies with and without imports of waste paper under regimes with and without a pulp import constraint. We observe from Figure 6 that the best employment figures are given under scenarios without import of waste paper while the worst situation is found in the first best solution identified (the sustainable strategy with import of waste paper under a regime without a pulp import constraint). Under the trade regime "with waste paper imports", the main pulping processes in operation are the waste paper based technologies (domestic and imported waste paper). These processes are relatively less labour intensive than the wood and agro based pulping processes, over the whole life cycle. This is the reason why the employment figures are higher under the "no import of waste paper" scenarios where the wood and agro based processes are dominant. It may be an important policy result which dictates future investment policies in paper based pulping processes. The case is further strengthened when a pulp import constraint is imposed. In this case, the use of domestic pulping processes is forced by the import constraint and therefore creates employment. These results are important at the national level where the social cost of unemployment is an important factor. We should highlight here that there is a limited production capacity in the waste paper based pulping processes. The employment figures improve considerably when these constraints are relaxed.
The final element of interest is the pulp mix used under the various strategies in the final manufacture of paper. We differentiate the final pulp use into three categories: (1) wood fibre pulp (WB); (2) agro-residue pulp (AB); and (3) waste paper pulp (WPB). We limit our analysis to the sustainable strategies with and without waste paper imports under a regime with no wood pulp import constraints, indicated respectively by ITC and NITC.
As Figure 7 illustrates, in the case when no import of waste paper is allowed, the final pulp mix is comprised of all three pulp types: wood, waste paper and agro. However, in the case where import of waste paper is allowed, substitution occurs from imported wood pulp and domestic agro pulp to domestically produced pulp using imported waste paper. The waste recovery sector in India has long argued against the import of waste paper in fear of losing the demand for local waste paper by the paper industry. The preliminary results from the model seem to refute these arguments. The model results do not show a crowding out effect on local waste paper taking place.
Figure 7
Pulp mix with and without import of waste paper.
Indian pulp mix with import of waste paper waste paper based 36% agro-pulp based 0%
wood pulp based 64%
Indian pulp mix without import of waste paper waste paper based 18% agro-pulp based 9%
wood pulp based 73%
Strategies
The reader should be aware that the results discussed above are to a certain extent determined by the data used for the modeling exercise. The model developed for this exercise used exogenous prices for many of the inputs. This specification prevents us from investigating price effects on decision making. However, this weakness can and was mitigated by the use of sensitivity analysis on the prices of inputs which were identified as crucial to the model. This was also true for the cost parameters which we used for the various eco-profiles. We should like to stress that the actual figures given by the model should not be used as forecast values if certain strategies are implemented. The results however, do provide an indication of how and what would happen if certain policies are adopted. This we believe is the strength of this model.
Conclusions
Does the trade in waste paper provide environmental and economic benefits to the Indian paper sector? The preliminary results from the sectoral model we developed suggests that the answer to the question depends on the objective of the decision maker. If the prime objective is based on environmental criteria, then trade in waste paper is not the best solution. However, if the sole objective is economic, then trade in waste paper is beneficial but only partly. However, if the reduction of both environmental and economic costs is the prime objective, the trade in waste paper is crucial in the sector design process. In other words, if the paper sector is forced to internalise its environmental externalities, then the trade in waste paper becomes a crucial variable in industrial and environmental policies.
A particular problem raised by our simulations is the question of employment. It was shown that with imports of waste paper, the employment situation in the paper sector in India deteriorates. However, this is primarily caused by the limited existing capacity in the paper based pulping processes; the results highlight a crucial bottleneck in the industry which needs to be addressed if the trade in waste paper is to be maximised for the Indian paper sector.
The last point highlighted in our simulations is the pulp mix and the degree of substitutability between domestic waste paper and imported waste paper. The results show that there is no competition and that no crowding out effect takes place. The substitution occurs with agro and wood based pulp which is advantageous in many ways. A reduction in the demand for wood based pulp reduces the pressure on forest reserves. The reduction in demand for agro-residue highlights an area for future technological development. At present, agro-residue is cheap but extremely detrimental to the environment. The option is to find methods and technologies for reducing the environmental impact of this resource. In the long run, advances in technology in this area will further reduce the pressure on forests and would create an environment in which the use of waste paper as well as agro, can be maximised.
Before we end the paper we should like to point out that the model developed in this paper is still in its infancy and many of the linkages are represented in a simplistic manner. However, the main engine has been formulated and modifications to the existing model can be achieved with relatively little cost. The model has demonstrated the unique strength of incorporating a life cycle analysis with the option of choosing the optimal life cycle configuration for a particular sector. azu cCR c pp p P E P S P UP P P X c , ∈ ∪ ∪ ∪ ∪ ∑ +≥∈ 0 Total demand of raw materials by all processes must be less than the amount purchased domestically. We do not allow for the import of raw commodities in this version of the model. The processes are (PE: electricity production; PS: steam production; PU: pulping; PP: paper manufacturing and PX: Collection of waste paper, logging and agro-residue harvesting). 
Appendix THE MATHEMATICAL MODEL

List of symbols used in the model
∑∑ ≤ ∈
The demand for wood and agro residue by secondary electric and steam production processes must be less than the supply of the fibres by the respective pulping processes which produce these fibres as a by-product. PRE: set of electric and steam production processes which use wood and agro residue fibre as inputs. PU: set of pulping processes.
Material Balance for Electricity a z a z ce l e c ta zr u a zcw a s t ep a p e r c p p P UP DW p c p p p P X
, , " "
The total use of domestic waste paper must be equal to the total amount collected. Waste paper can be either recycled, burned, land filled, or reused. The PDW process set consists of burning and land filling while the ru variable is for the amount reused. The PX process set has collection activities. 
8.
The import of waste paper is determined by the demand for imported waste paper by the pulping processes.
Paper Manufacturing Input-Output Coefficient Condition
ba pPP
The summation of the different types of pulp used by each paper making process must equal to an exogenously specified amount. The proportion of each type of pulp in each paper making process must be equal or less than an exogenously specified upper bound. For example, the proportion of bleached sulfite pulp in making writing paper must be equal or less than 40%.
Pulp and Paper Manufacturing Capacity Constraint
zPpP UP P pp ≤ ∈ ∪
The activity level for each pulping and paper making process is constrained by existing capacity. 
12.
∑∑ ≥ ∈
The supply of chemicals must be greater than the demand for these chemicals by the pulping and paper making processes. 
∑ +≥ ∈
The total production level of each paper type by all paper making processes together with imports must meet final demand. This equation is for paper types which cannot be supplemented by the reuse of waste paper.
Material Balance for Final Reusable Goods
azvr uc DcCF R c p p P P pc cc , ∈ ∑ ++≥ ∈ The total production level of each paper type by all paper making processes together with imports and the reuse of waste paper must meet final demand. This constraint is for paper types which can be supplemented by the reuse of waste paper.
Total Waste Paper Generation
Total waste paper generated is equal to the recovery rate (α) multiplied by the total amount of paper used (the final demand). The amount of waste paper collected must be equal to the waste generated. We make a distinction between equation 16 and 7 because a certain amount of loss in mass occurs between total mass of waste paper generated and the total mass of waste paper collected. The difference is accounted as an increase in solid waste material which in turn will be captured in the emission equations.
Material Balance for Waste
Reuse Level
r u w ≤ 0 3 .
The total amount of waste paper which can be reused to meet final demand of a certain type of paper is less than 30% of the total waste paper generated.
Raw Material Constraint
uUcCR C c c
≤ ∈
An exogenously specified upper bound is imposed on the purchase of a sub-set of raw materials. The raw materials are trees for logs and agricultural waste for agricultural residue. The total import of all paper types must be less than 20% of final demand. In other words, at the minimum, 80% of final demand must be met by local supply. 
Final Good
20.
∑∑ + =
The total amount of middle distillate is equal to the amount used by domestic processes plus amount used in transportation for imported goods.
Emissions from Transport e t am d cC E cc m i d d l e d i s t i l l a t e = ∈
, " " The total emissions of various pollutants caused by transportation.
Emissions from Paper Production aze p c C E c p p P EP S P UP PP XP R E pc
The total emissions of various pollutants accruing from all domestic production processes.
Eco-Profile
( ) E e t e p e p f pE NV P c p c C E cc p , ∈ ∑ += ∈
The total contribution by all the pollutants from the transport and production processes towards each environmental problem. Total costs of buying waste paper for pulping processes. We distinguish wastepaper from raw materials as it is a secondary good. prices used are domestic prices. Total costs of all imports which include waste paper, pulp, logs, and final paper types. Prices used are international prices.
Environmental Costs
Transportation Costs t t c a zp mi ddl edi s t i l l a t ep p P X P P P DW pmi ddl edi s t i l l a t e d
= ∈ ∪ ∪ ∑ " " , "
Total costs of transport of final goods, waste paper collection, and waste paper disposal. 
Waste Disposal Costs
Total Costs tc ttc wdc imc itc rc ec
= + + + + + Final total costs for the sector is the summation of all costs.
